Introduction
Recent studies indicate that filiform papillae of various species have a diverse structural organization. In rats and mice, filiform papillae (FP) consisted of a single spinous projection and had been described as having two cell populations with each producing a different keratin pattern [1] [2] [3] .
The keratinization on the anterior surface of the papillae was associated with the biogenesis of keratohyalin granules (KHG); however, the posterior surface of the papilla differenitated in the absence of KHG. In pig tongue, the FP appeared fragile and delicate and two cell populations comprised the papillae and produced two different types of keratin. In contrast to rat, however, the cells synthesizing keratin in the absence of KHG surrounded in a sheath-like manner those 98 cells containing KHG [4] . In addition to a single papillary projection comprising FP in dog tongue, Singh et al. [5] showed that 5-7 epithelial cell columns contributed secondary projections to each FP. These secondary projections consisted of crescentic cells organized in circular profiles. Furthl.[more, cytokinetic data from mouse tongue have shown a series of cell columns apparently culuminating into a single papilla [6] .
In each species described thus far, FP are distinct but show less regional variation. However, in preliminary histologic studies, cat tongue appeared to have a marked regional variation in the organization of tne filiform papillae. Therefore, in order to understand, describe and compare this variation, a light microscopic (LM), transmission and scanning electron microscopic (TEM, SEM) study of cat tongue was initiated.
Materials and Methods
Tongues were removed from 4 male and 4 female adult mongrel cats in the following manner: for light microscopy, tongues were fixed for 48 h in Carson's 10% buffered formalin at pH 7.2-7.4 [7) . Representative tissue samples from the dorsal and lateral surfaces were dehydrated in graded alcohols, cleared in xylene and embedded in paraffin. Longitudinal and horizontal sections, 6 !Lm thick, were cut, collected on glass slides and stained with hematoxylin and eosin (HE). For electron microscopy, specimens were immersed in cold 2.5% glutaraldehyde buffered to pH 7.2-7 .4 with 0.1 M cacodylate buffer for 4-6 h. Samples were rinsed in 0.2 M cacodylate buffer before postfixing for 2 h at room temperature in 2 % osmium tetroxide buffered to pH 7.2-7.4 with the same buffer. Tissues for SEM were dehydrated in graded ethyl alcohols at room temperature, dried by the critical point method, mounted on stubs, sputter coated with gold-palladium and viewed with an Etec Autoscan scanning electron microscope. Tissues for TEM were dehydrated in cold graded Boshell/ Wilborn /Singh alcohols, cleared in propylene oxide and infiltrated with Spurr low viscosity embedding media. Thin sections were cut, placed on uncoated copper grids, stained with uranyl acetate and lead citrate and viewed with an RCA EMU 4C transmission electron microscope.
Results
On the tip of the tongue, filiform papillae (FP) were small, tightly packed and exhibited several processes ( fig.l, 2) . A large projection extended from the posterior portion of the base of each FP and several small conical projections extended from the anterior portion.
Histologically, the larger projection consisted of anterior and posterior cell populations ( fig. 3 ). The population on the anterior surface contained keratohyalin granules (KHG ), whereas the population on the posterior surface lacked KHG. The smaller projections consisted of circularly arranged cells which contained KHG (fig.4 ). The KHG varied in size and appeared eosinophil with the exception of small peripheral foci which stained with hematoxylin. Ultrastructurally, the KHG appeared electron dense, were spheroidal in shape and had small electrondense attachments ( fig. 5) .
At the periphery of the tip of the tongue, FP were conically shaped and usually had only one papillary projection ( fig. 6 ). They decreased in height and disappeared as the ventral surface was approached. 
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Cat Tongue A marked transttlon occurred between the tip and midportion of the dorsum of the tongue (fig. 7) . The transition was characterized by an increase in size of the posterior projection of the filiform papillae and a decrease in height of the smaller conical projections. In the midportion of the tongue, the posterior projections were very prominent and the smaller projections were short or absent ( fig. 8) .
Histologically, in the midportion, the difference between the epithelium covering the papillary projection and that of the anterior portion of the base were striking. The epithelium of the anterior portion had a stratum granulosum in which the KHG were similar to those on the tip of the tongue. In comparison, the epithelium of the papillary projection keratinized without KHG and had a row of fibroblasts parallel to the basal cell layer of the epithelium ( fig. 9 ). With TEM, cytoplasmic processes extended from the fibroblasts to near contact with the epithelial basal lamina ( fig. 10 ).
In the region of the vallate papillate, filiform papillae were histologically similar to those in the midportion of the tongue, were reduced in height and appeared more conical in shape ( fig.ll) . Posterior to the vallate papillae, the number of papillary elevations was reduced in number, and these elevations were covered by a parakeratinized stratified squamous epithelium ( fig.12 ). Connective tissue fibers and cells .l2) .
Lateral to the vallate papillae was a row of large finger-like projections, approximately 10 in number ( fig.13 ). They consisted of a connective tissue core covered by a parakeratinized stratified squamous epithelium ( fig. 14) . In these processes, taste buds or pores were not observed with LM or SEM.
Discussion
Based on at least four criteria, cat tongue filiform papillae (FP) are thus far unique. These are the marked regional variation in size and morphology, degree of histological organization, mode of keratinization and organization of underlying connective tissue.
The marked regional variation in size and morphology of FP in cat tongue contrasts with the description of other species. In the pig, FP varied little in size on the different areas of the tongue; however, FP on rat tongue showed a variation in size which consis~d of small papillae on the anterior and posterior portions of the tongue and larger papillae in the midportion [4, 8] . On the cat tongue, however, the number of large FP was much greater than on the rat.
Histologic and ultrastructural studies of FP in different species have revealed that FP have a ~omplex arrangement. In an earlier studf by Farbman [3] , rat filiform papillae were described as having two cell populations. Each population had distinct histologic and ultrastructural characteristics and both gave rise to a single papillary projection. Subsequently, in a kinetic study of In contrast with FP on the tip of the cat tongue, the sharp spinous projections on midtongue lack a stratum granulosum. A similar phenomenon of keratinization of oral epithelium has been described only for Boshell/Wilborn /Singh the ventral surface of chicken tongue [ 14] . Associated with the lack of stratum granulosum in the cat is a row of fibroblasts adjacent to the basal layer. A similar finding to our knowledge has not been reported for FP in other species; however, the observation of mesenchymal cells has been made in filiform hairs of rat penis and in mouse hair [15, 16] . The alignment of fibroblasts in parallel rows with the keratinocytes in cat tongue FP might be due to the developmental processes so as to conform to the architectural morphology of the papillae. Alternately, the fibroblasts may play a role in the differentiation and architectural maintenance of those cat tongue FP. The precise reasons for these variations in FP of cat tongue are as yet not clear. However, it is most likely due to a coordinated functional demand of diet, masticatory apparatus, tongue musculature as well as tongue papillae.
